We present 75 As nuclear magnetic resonance data from measurements of a series of Ba(Fe1−xCox)2As2 crystals with 0.00 ≤ x ≤ 0.075 that reveals the coexistence of frozen antiferromagnetic domains and superconductivity for 0.060 ≤ x ≤ 0.071. Although bulk probes reveal no long range antiferromagnetic order beyond x = 0.06, we find that the local spin dynamics reveal no qualitative change across this transition. The characteristic domain sizes vary by more than an order of magnitude, reaching a maximum variation at x = 0.06. This inhomogeneous glassy dynamics may be an intrinsic response to the competition between superconductivity and antiferromagnetism in this system. The iron arsenide family of superconductors have reignited interest in the physics of strongly correlated electron systems since the discovery of superconductivity below 43 K in LaFeAsO 1−x F x in 2007 [1] [2] [3] [4] . Some of the most widely investigated materials are the electrondoped Ba(Fe 1−x T x ) 2 As 2 (T = Co, Ni) because not only are large single crystals available but the phase diagrams exhibit a rich interplay of order parameters [5, 6] . A key feature of this system is the continuous suppression of the antiferromagnetic order giving rise to a putative quantum phase transition below a dome of superconductivity, similar to the cuprate and heavy fermion superconductors [7] [8] [9] [10] . Competing orders often emerge at a quantum critical point, and long range interactions can give rise to intrinsic inhomogeneity [11] [12] [13] . In some superconducting families these competing orders coexist microscopically [14] [15] [16] , whereas in others the electronic degrees of freedom become inhomogeneous on mesoscopic length scales [17] . Reports in the electron doped BaFe 2 As 2 system have been mixed: some studies indicate homogeneous coexistence of antiferromagnetism and superconductivity [18] [19] [20] [21] [22] , however others suggest that these two orders do not coexist microscopically [23] [24] [25] . Here we report 75 As nuclear magnetic resonance (NMR) data that unambiguously reveal an inhomogeneous distribution of frozen antiferromagnetic domains in the superconducting state of Ba(Fe 1−x Co x ) 2 As 2 . Our results suggest that such cluster spin glass phases may be a general feature of materials in which superconductivity emerges upon doping an antiferromagnetic system.
Single crystals of Ba(Fe 1−x Co x ) 2 As 2 were grown by the self-flux method and the Co concentrations were determined via microprobe analysis [5, 22] .
75 As (100% abundant, I = 3/2) NMR spectra, spin-lattice-relaxation rate, T −1 1 , and spin echo decay rates, T −1 2 , were measured in fixed fields of 8.75 T and 11.7 T by acquiring spin echoes using standard pulse sequences for a range of Co concentrations between 0.00 and 0.075. Local variations in the ordered Fe/Co moments near dopants broaden the NMR spectra for the field oriented along the (001) direction [26] . Because this broadening significantly reduces the signal intensity we focus primarily on measurements with the field oriented in the ab plane (spectra are available in the online supplemental information). Our samples exhibit sharp NMR spectra (FWHM 20-30 kHz) and microprobe analysis indicates a standard deviation of less than 5% of the doping, indicating high sample quality and homogeneity. The superconducting transition temperature T c was measured in situ using the NMR coil in field, and the AC susceptibility is shown in the upper series of panels in Fig. 1 .
The spin-lattice-relaxation rate was measured by inversion recovery at the central transition (
2 ), and the data are summarized in Figs. 1 and 2(a) . The data are well fit by the standard normal-modes recovery function for a spin 3/2 nucleus for temperatures T 100 K [27] , but below this temperature the quality of fit decreases significantly. To account for this change of behavior we fit the data to a stretched exponential form [28] :
where M 0 is the equilibrium nuclear magnetization, f is the inversion fraction and β is the stretching exponent.
A fit with β < 1 indicates a distribution of relaxation rates, and we find that M 0 , β, and T 1 are each strong functions of both temperature and doping. The bottom series of panels in Fig. 1 shows (T 1 T )
versus temperature and doping. Our data are consistent with published data [7, 9, 21, 29] , but extend to lower temperatures than reported previously revealing a peak at T max that coincides with bulk measurements of the Néel temperature, T N , for x < x c1 = 0.06. Following Ning et al. [7] we fit the temperature dependence to the sum of three terms: (
, where the first two terms represent intra-band spin fluctuations with a = 0.11 s
and ∆ = 450 K, and the last term is doping dependent and represents inter-band antiferromagnetic spin fluctuations. Fig. 2 (b) shows θ and T max as a function of doping. Previous NMR and neutron scattering experiments suggested that x c1 corresponds to a quantum critical point (QCP) where long-range antiferromagnetism disappeared and the nature of the spin fluctuations changed character [7, 20] . As seen in Fig. 2 (b) T N intercepts T c at x c1 and long range antiferromagnetism is absent for x > x c1 . Surprisingly, our data reveal no qualitative change across this boundary, in contrast to the response that would be expected at a QCP. We find that θ does not vanish at x c1 , but continues to remain finite and extrapolates smoothly from lower dopings. (T 1 T ) −1 continues to diverge at T max , except that for x > x c1 T max coincides with T c whereas θ < T max and uniformly extrapolates to T = 0 at x c2 = 0.071 ± 0.003. This result indicates that for x c1 ≤ x ≤ x c2 some of the As sites are probing slow antiferromagnetic fluctuations, a result that is consistent with recent muon spin rotation (µSR) observations [25] . The drop in (T 1 T ) −1 below T max arises because the spin fluctuations in the ordered state change character. For x < x c1 , this suppression occurs because long range antiferromagnetic order develops prior to the onset of superconductivity; for x > x c1 it is likely that the superconducting condensate dampens the spin fluctuations and cuts short the development of long range order antiferromagnetism.
Evidence for inhomogeneity is seen in the middle series of panels in Fig. 1 which show that the exponent β decreases from unity at high temperature to a minimum of β ∼ 0.4. Stretched exponential decay is often used to describe relaxation in disordered systems arising from a distribution, ρ β (W ), of relaxation rates, W . For β = 1 ρ β (W ) is a delta function centered at T is the median of the distribution, and β is approximately equivalent to the logarithmic full width half maximum of ρ β (W ) [30] . A value of β = 0.4 indicates that the distribution of relaxation rates varies by more than an order of magnitude. In the paramagnetic phase the temperature dependence of β is well-fit to the expression
, where β 0 and T * are parameters that represent the T = 0 value and the [31] [32] [33] indicating antiferromagnetic order (blue), orthorhombic structure (gray), superconductivity (yellow), coexisting superconductivity and antiferromagnetism (green), and cluster glass (hatched pattern). The data points are θ ( ), Tmax (•), Tc ( ) at 11.7 T, and 1 − β(Tmax) ( , right axis). The dashed black line is a linear fit to θ and the dashed orange line is a guide to the eye for 1 − β(Tmax), which is a measure of the degree of inhomogeneity.
temperature scale for the onset of the inhomogeneous distribution, respectively. The quantity 1 − β(T max ), shown in Fig. 2(b) , is a measure of the width of the distribution. This data indicates that the distribution of relaxation rates becomes broadest at T max at the doping level x c1 .
Further evidence for spatial inhomogeneity is found in the upper series of panels in Fig. 1 . In Eq. 1 the equilibrium magnetization M 0 ∼ N 0 H 0 /T , where H 0 is the applied field and N 0 is the number of nuclei contributing to the NMR signal. In principle N 0 should be temperature independent, however there is a clear suppression of N 0 that develops below ∼ 70K. This phenomenon, known as signal wipeout, indicates that not all of the nuclei are contributing to the NMR signal, and is often found in glassy systems such as the underdoped cuprates in which the characteristic spin fluctuation times can slow dramatically [12, 34, 35] . For a randomly fluctuating hyperfine field, h(t), with autocorrelation time τ c , the spin echo intensity is proportional to e −t/T2 , where t is time since the excitation pulse and T −1 2 = γ 2 h 2 τ c , where h 2 is the mean squared hyperfine field parallel to H 0 . When τ c is sufficiently large (t/T 2 ≫ 1) the spin echo can decay faster than the effective time window of the NMR spectrometer and the signal intensity is suppressed. This suppression can happen close to a magnetic phase transition, as well as in spin glasses where critical fluctuations exhibit long correlation times.
The wipeout can be understood quantitatively as a consequence of the increasing width of the distribution of relaxation rates, ρ β (W ). This distribution reflects a distribution of correlation times, τ c , such that ρ β (W )dW = P β (τ c )dτ c , where increases a greater fraction of the weight extends above W cut and therefore does not contribute to the signal. ρ β (W ) is given as an inverse Laplace transform, and can be computed numerically [36] . We compute N (T ) for each doping using the fitted values for β(T ) and (T 1 T ) −1 and the results are compared with the measured data in the upper panels of Fig. 1 . Details of the calculation are provided in the online supplemental information. The simulated wipeout clearly exhibits similar trends to the data, indicating that both the wipeout and the stretched behavior arise from an inhomogeneous distribution of local correlation times, τ c . Variations in h ⊥ and in doping can also be a source of T −1 1 inhomogeneity [19, 37] , but the small values of β and the wipeout suggest that τ c variations are dominant.
The inhomogeneity we observe for the x = 0.058 and 0.059 samples can be explained by the presence of shortrange incommensurate magnetic order as observed in neutron scattering [23, 31] . However for x > x c1 neutron scattering experiments reveal no long range order whereas NMR clearly indicates the presence of frozen moments. Taken together with the evidence for inhomogeneity observed in the wipeout and the stretched exponential behavior, these results suggest that local antiferromagnetic fluctuations develop in disconnected spatial regions with a distribution of domain sizes. These domains do not appear to be mobile correlated patches of short-range antiferromagnetism, which would result in a uniform relaxation rate for all nuclei, as is typical for antiferromagnetic transitions in homogeneous systems [38] . Furthermore, they do not exhibit activated or Vogel-Fulcher dynamics (see. Fig. 2(a) ) as observed in the lightly doped cuprates [12, 28] and recently in LaFeAsO 1−x F x [39] . In fact our data suggest that local antiferromagnetic fluctuations develop in disconnected spatial regions characteristic of cluster spin glass behavior, similar to that observed in underdoped superconducting cuprates [40] [41] [42] [43] . Within each domain the local correlation time τ c ∼ ξ z where ξ is the local correlation length and z = 1 is the dynamical scaling exponent. If the domains are disconnected then when ξ is greater than the domain size τ c will saturate. As a result, a distribution of domain sizes gives rise to a distribution of saturated τ c and hence a distribution ρ β (W ). This distribution, therefore, reflects the properties of the domains, which must have a size distribution that varies by more than an order of magnitude in order to explain the NMR results.
A key property of this distribution is that neighboring domains do not merge with one another as the correlation length grows, but remain disconnected. In superconducting La 1.94 Sr 0.06 CuO 4 frozen antiferromagnetic clusters of varying sizes are believed to be surrounded by hole-rich regions that reduce the magnetic coupling between domains [40] . This electronic inhomogeneity may be a consequence of long range interactions between doped holes in a Mott insulator [11] . It is unlikely, however, that charge inhomogeneity is the origin of the behavior we observe in Ba(Fe 1−x Co x ) 2 As 2 . Rather, disorder in the local structure driven by the Co atoms and the presence of twin or 180
• phase boundaries may give rise to a random distribution of domain sizes. We conjecture that superconductivity emerges in regions between the domains effectively disconnecting any correlations between the domains, cutting off the growth of antiferromagnetic fluctuations, and preventing the development of long range order. It is natural for a competing order parameter to emerge in regions where the primary order is reduced, for example between domains [44, 45] or at vortex cores in the mixed state [46] [47] [48] .
In conclusion we find evidence for a cluster spin-glass coexisting with superconductivity in Ba(Fe 1−x Co x ) 2 As 2 for x c1 ≤ x ≤ x c2 rather than a uniform crossover expected at a second order quantum phase transition. Although the critical concentration x c1 corresponds to the absence of long-range antiferromagnetism, local order persists up to a QCP at x c2 , similarly to CeRhIn 5 under pressure [10] . It is surprising that such inhomogeneous slow dynamics should emerge in conducting pnictide systems since there is no evidence for electronic phase inhomogeneity as observed in the cuprates and other doped Mott insulators [49] . It is possible the glassy behavior we observe arises either because of frustration generated by doping-induced disorder, or as an intrinsic consequence of competing orders in a nominally pure system [50] .
We thank H. ). These spectra were produced by integrating spin echoes and sweeping the excitation frequency. Figure 3 shows the results for x = 0, 0.058, 0.059, 0.062, and 0.066. The x = 0 resonance has a Lorentzian line shape and shifts down in frequency of frequency. We observe a small splitting at T N but did not acquire data at lower temperatures. In the Co-doped samples we observe a Gaussian line shape and a decrease in frequency with decreasing temperature. The spectral intensity in the doped samples is wiped out starting just above T N and T c as described in the main text. In the samples where spectra were collected below T N and T c the negative shift is increased and the lines broaden significantly.
Spin-Lattice Relaxation for H0 c
Data collected for H 0 c is shown in Fig. 4 , and is qualitatively similar to that for the perpendicular direction.
Wipeout Calculations
The fraction of nuclei that contribute to the NMR signal is determined by the integral over the distribution ρ β (W ) up to the cutoff value W cut :
where β(T ) and (T 1 T ) −1 are given in the main text, and y cut = W cut T 1 . The distribution ρ β (W ) can be approximated by:
where B and C are constants that are given in Table  1 of [52] . (Note that for there is a typo in this table for β = 0.5, in which case B = 0.282.) This distribution is shown in Fig. 5 for several values of β. The solid black lines shown in the upper row of Fig. 1 of the main text were calculated using this expression using the fitted parameters for β and (T 1 T ) −1 , and us-
min , which implies that h c /h ⊥ ∼ 70. This ratio is in agreement with theoretical estimates of the the hyperfine fields based upon the form factors and the spin fluctuations that are peaked near the ordering wavevector Q = (π/a, 0, π/c) [53] . 
